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bohydrate prebiotic references. Prebiotics escape enzymatic digestion in the upper gastrointestinal tract and enter the caecum without change to their structure. None are excreted in the stools, indicating that they are fermented by colonic flora so as to give a mixture of short-chain fatty acids (acetate, propionate and butyrate), L-lactate, carbon dioxide and hydrogen. By stimulating bifidobacteria, they may have the following implications for health: 1) potential protective effects against colorectal cancer and infectious bowel diseases by inhibiting putrefactive bacteria (Clostridium perfringens ) and pathogen bacteria (Escherichia coli, Salmonella, Listeria and Shigella ), respectively; 2) improvement of glucid and lipid metabolisms; 3) fibre-like properties by decreasing the renal nitrogen excretion; 4) improvement in the bioavailability of essential minerals; and 5) low cariogenic factor. These potential beneficial effects have been largely studied in animals but have not really been proven in humans. The development of a second generation of oligosaccharides and the putative implication of a complex bacterial trophic chain in the intestinal prebiotic fermentation process are also discussed. [113, 170] . Changes in the colon flora have also been implicated in the development of colon cancers [170] . [145] . The two species currently used by the food industry to produce inulin belong to the Compositae: Jerusalem artichoke (Helianthus tuberosus) and chicory (Cichorium intybus) [33] . The [145] . The [34] . Native chicory inulin has an average DP of 10-20, whereas for native Jerusalem artichokes, the average DP is 6 [35] . Native inulin is used by the food industry to produce: 1) short-chain fructans, namely oligofructose (DP, 2-10; average DP, 5), as a result of partial enzymic hydrolysis (endoinulinase EC 3.2.1.7); and 2) long-chain fructans by applying physical separation technique [35] . Inulin is mostly marketed by Orafti (Tienen, Belgium) and Cosucra (Momalle, Belgium) under the trade names 'Raftiline' and 'Fibruline', respectively [30] . The partial enzymatic hydro-lysate of inuline is marketed by Orafti as 'Raftilose' in a variety of purities, either as a powder or in syrup form. The chicory inulin and its hydrolysate are: 1) classified as natural food ingredients [178] ; 2) officially recognised as food ingredients in most European countries; 3) have a self-affirmed GRAS (generally regarded as safe) status in USA [144] .
In addition to chicory inulin and its hydrolysate, the commercially prebiotic inulin-type fructans are a mixture of synthetic GPyF! oligomers (average DP, 3.6).
For instance, synthetic inulin-type fructans commercialised by Beghin-Meiji Industries (Actilight) are mixtures of oligosaccharides including 1-kestose (DP 3), 1-nystose (DP 4) and I-fructofuranosyl-nystose (DP 5) with unreacted sucrose, glucose and fructose containing between 55 and 95 % oligofuctans. They result from transfructosylation of sucrose with a fungal fructosyl transferase from Aureobasidiurrc pullulans [80, 199] or Aspergillus niger [68] . The [150, 166] .
In addition, Oku et al. [129] demonstrated that the P-2,1 linkage is not hydrolysed by rat pancreatic homogenates and small intestinal mucosa homogenates. These results have also been confirmed in humans by Bach Knudsen and Hessov [6] and Ellegdrd et al. [44] , using the ileostomy model which has often been used to quantify the small-intestinal excretion of carbohydrates [31] . As a result, the major part of ingested inulin-type fructans (in healthy humans, a mean of 89 %) is delivered to the colon in an unhydrolysed form [112] .
Inulin-type fructans are fermented by colonic bacteria [14] according to the following stoichiometry [146] [81] . The differences between IM2 and IM3 in their ability to stimulate bifidobacteria in vivo are only related to their digestibility because they have the same potency in vitro [81] .
In contrast to oligofructose, IMO cannot be considered as a pure prebiotic agent because they are partly digested by isomaltase in the jejunum and only the remainder stimulates bifidobacteria in the large intestine. Consequently, the minimum dosage of IMO for increasing intestinal bifidobacteria in humans is higher than that needed for oligofructose to obtain such an effect (1-2 g.d!l for 10 d) [91] . IMO [15, 27, 165, 190] . Interestingly, one of the main potential benefits of increasing human faecal bifidobacteria is that bifidobacteria could maintain potential pathogenic bacteria such as Escherichia coli and clostridia at low levels [183, 186] . Such results are, however, restrictive because they were observed in batch culture experiments with human faeces as the source of inoculum [55] . The [69] . Because (3-glucuronidase and nitroreductase can release aglycones from glycosides, producing reactive nitroso and N-hydroxy compounds, respectively, within the colon, they are also potential procarcinogenic enzyme producers [63, 161] .
(3-Glucuronidase and nitroreductase are normally produced by anaerobic bacteria such as bacteroides and Clostridium, and facultative anaerobes such as coliforms [62] .
Other reductive enzymes such as urease, by converting urea into ammonia, are possible aetiological factors in colorectal carcinoma [ 161] . One of the main potential benefits of increasing colonic levels of bifidobacteria by chronic inulin-type fructan ingestion could be the reduction in risk of colon cancer [111] . Decreased pH may inhibit the growth of putrefactive bacteria and the conversion of primary to secondary bile acids [164] . Lower pH may also stimulate the production of a protective agent, e.g. mucus [19] . Finally, the protective effect of bifidobacteria is expressed through their potency at decreasing some reductive enzyme activities. Accordingly, Buddington et al. [18] [95] showed that increasing the proportion of bifidobacteria is related to lower activities of reductive enzymes. These results must, however, be considered with caution since Bouhnik et al. [ 15] [38] .
The loss of energy for the host when a sugar is fermented is caused by: 1) the growth of bacteria which in turn releases part of the energy as heat dissipation; 2) the formation of SCFA and gas [14] . The (11.7-13.4 kJ.g-1 ) [14] . Contributions to energy accumulation in rats tend to be different between oligofructose and GOS [ 152] . The differences in energetic contribution between these two undigestible oligosaccharides are no doubt related to the relative amounts of each organic acid produced in the large intestine [152] . Consequently, the viscous longer-chain oligosaccharide products such as inulin can be used as a fat replacer for the emerging sector of lower energy food products [146] . [60, 84] . FAS and GPAT activities and transcription are primarily activated by glucose and insulin [60, 79] . Results of studies using rat liver perfusions or isolated hepatocytes indicate that insulin could also stimulate VLDL secretions [12] .
Therefore, several authors postulate that oligofructose by decreasing insulinaemia and glycaemia [93, 185] [193] .
This decrease in renal nitrogen excretion after feeding oligosaccharides may therefore be of interest in the nutrition of chronic renal disorders. [119] and occur in the hindgut [121, 127] .
Many investigators have suggested that this increase in mineral absorption is related to the colonic bacterial fermentation of these undigestible carbohydrates [39, 157, 189] . Carbohydrates that escape digestion in the small intestine are substrates for the formation of SCFA and lactate by microflora in the large intestine. This fermentation process results in a lowering of the luminal pH which in turn may increase mineral solubility [141, 157] . It is conceivable that SCFA may directly influence Ca absorption by modifying electrolyte exchanges (Ca-H). Trinidad et al. [175] suggested that Ca could pass through the cell membrane more readily in the form of a less-charged complex (Ca acetate) + by a passive pathway. Lutz and Scharrer [102] also reported a stimulatory effect of SCFA on Ca absorption in the rat large intestine. The rat caecum has the highest density of Ca transport sites responsive to vitamin D metabolites [117] . We could speculate that under acidic fermentation conditions a caecal hypertrophy appears [20] which in turn may increase the number of these distal sites and probably Ca uptake. Changes in the concentration of calbindin-D9K in the mucosa of the small and large intestine of rats have been reported by Ohta et al. [126] . Sharrer and Lutz [155] using an in situ perfusion method, also indicated that SCFA could directly stimulate Mg absorption from the colon in rats.
Oligofructose feeding has been shown to increase iron absorption in iron-deficient models [ 123, 128] . Propionate, which is produced by intestinal fermentation of oligofructose, may stimulate haeme production by promoting 6-aminolevulinate synthesis [73] . Also, oligofructose feeding may lead to a change in several iron-binding proteins including iron-mucin and thereby enhance iron absorption in the small intestine [28] .
With regard to GOS, their presence in the diet results in an improvement in Ca absorption in rats whatever the calcium intake [23, 24] . As a result, femur and tibia ash weight and their calcium contents are higher after feeding a GOS diet than a control diet in ovariectomised rats [25] . Dietary GOS are also able to improve magnesium absorption and to reduce calcification of kidney and heart in the magnesium-deficient rat model [26] . To [90, 191] .
Dental caries occur also as a result of the decalcification of enamel and dentine of teeth by organic acids produced by bacteria in dental plaque. Kaneko et al. [82] demonstrated that the hydrogenated derivate of IMO (IMH) could be considered as a low cariogenic factor in humans since it decreases the acidogenic response of dental plaque.
CONCLUSION AND PERSPECTIVES
With regard to their possible beneficial properties mentioned above, prebiotic agents seem to be adapted to the nutrition of consumers who are more and more worried about their 'health capital'. In Japan, 35 approved foods containing oligosaccharides as active ingredients have been listed since 1996 as &dquo;foods for specified health use&dquo; (FOSHU) [30] . Moreover, non-digestible oligosaccharides (mainly inulin-type fructans, IMO, palatinose, GOS, soybean oligosaccharides and xylo oligosaccharides) are considered by the European Commission (DGXII AIRII-CT94-1095) as functional food ingredients [179] . In general terms, a functional food ingredient can be defined as &dquo;a food ingredient which affects physiological functions of the body in a targeted way so as to have positive effects which may, in due course, justify health claims&dquo; [142, 143, 145] .
Their potential benefits for health should not, however, mask their putative unfavourable effects. Fermentation of prebiotic agents by colonic flora could lead to gaseous symptoms. Stone-Dorshow and Levitt [166] showed that in volunteers receiving a constant daily amount of oligofructose (5 [7, 86] . Decreasing their MW enhances intestinal absorption of minerals. For instance, the intestinal absorption of iron is determined in part by the solubility of iron-pectin complex which is directly connected with its MW [86] [89] . Further research revealed that this hypolipidaemic effect of inulin-type fructans might be induced (partly) by hormonal changes in rats [93] . The precise contribution of these hormones in the antilipogenic effect of prebiotic agents remains, however, to be elucidated. Inulin-type fructans have been reported to decrease postprandial insulinaemia in rats [94] . Interestingly, this hormone plays a major role in the regulation of muscle protein synthesis and degradation [88] [179] . Regarding the action on mineral bioavailability, few studies have been performed in humans. Only in the rat, the stimulation of Ca, Mg and Fe absorption by inulin-type fructans or GOS has been repeatedly confirmed [179] . Differences between the rat and human mechanisms involved in digestibility of minerals are, however, very important. For instance, coprophagy in many rodent species [61, 78] can alter the fermentation of undigestible carbohydrates in the hindgut and therefore may affect the absorption of minerals [43, 67, 124] . Thus, we could not directly extrapolate results obtained from animal models to humans. In the present time, there is only promising evidence that consumption of inulin-type fructans results in increased Ca absorption in human subjects [179] .
In the future, physiological effects of oligosaccharide consumption will certainly continue to be elucidated, functional properties will be more widely understood and it is expected that the number and diversity of applications of oligosaccharides in foods (individually) in combination with probiotics (synbiotics) [179] 
